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ABSTRACT
We report the results of a spectropolarimetric observation of the C IV “mini-broad” absorption line
(mini-BAL) in the quasar HS 1603+3820 (zem = 2.542). The observations were carried out with the
FOCAS instrument on the Subaru telescope and yielded an extremely high polarization sensitivity
of δp ∼ 0.1%, at a resolving power of R ∼ 1500. HS 1603+3820 has been the target of a high-
resolution spectroscopic monitoring campaign for more than four years, aimed at studying its highly
variable C IV mini-BAL profile. Using the monitoring observations, in an earlier paper we were able
to narrow down the causes of the variability to the following two scenarios: (1) scattering material
of variable optical depth redirecting photons around the absorber, and (2) a variable, highly-ionized
screen between the continuum source and the absorber which modulates the UV continuum incident
on the absorber. The observations presented here provide a crucial test of the scattering scenario
and lead us to disfavor it because (a) the polarization level is very small (p ∼ 0.6%) throughout
the spectrum, and (b) the polarization level does not increase across the mini-BAL trough. Thus,
the variable screen scenario emerges as our favored explanation of the C IV mini-BAL variability.
Our conclusion is bolstered by recent X-ray observations of nearby mini-BAL quasars, which show a
rapidly variable soft X-ray continuum that appears to be the result of transmission through an ionized
absorber of variable ionization parameter and optical depth.
Subject headings: Galaxies: Quasars: Absorption Lines, Galaxies: Quasars: Individual (HS
1603+3820)
1. INTRODUCTION
Quasars are routinely used as background sources, al-
lowing us to study intervening gaseous structures via
absorption-line diagnostics. The observed absorption
lines have their origin in both intervening objects, such as
foreground galaxies, the inter-galactic medium (IGM), or
the interstellar medium (ISM) of the quasar host galax-
ies, and in structures that are intrinsic to the quasars.
A promising candidate for the intrinsic absorbers is an
outflowing wind from the accretion disk that makes up
the quasar central engine. The outflow is thought to be
accelerated by either magnetocentrifugal forces (e.g., Ev-
erett 2005; de Kool & Begelman 1995), by radiation pres-
sure in lines and continuum (Murray et al. 1995; Proga,
Stone, & Kallman 2000), and/or by radiation pressure
acting on dust (e.g., Voit, Weymann, & Korista 1993;
Ko¨nigl & Kartje 1994). According to many of the above
models, the flow can be equatorial, although the opening
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angle relative to the plane of the disk depends on the
choice of model parameters. In other models, the flow
can be polar (directed at right angles to the disk plane;
e.g., Ko¨nigl & Kartje 1994; Punsly 1999).
The outflowing winds are important in two ways. First,
they may be essential components of the quasar central
engine: they can carry angular momentum away from
the disk, allowing accretion onto the black hole to pro-
ceed. Second, they can deliver energy and momentum to
the ISM and IGM, thus regulating gas infall and star for-
mation during the assembly of a galaxy (e.g., Granato et
al. 2004; Scannapieco, & Oh 2004; Springel, Di Matteo,
& Hernquist 2005). Thus, feedback from quasar out-
flows can profoundly affect the properties of present-day
galaxies and it can also enrich the IGM with metals. For
these reasons, it is important to understand the proper-
ties and structure of quasar outflows, a goal which can
be accomplished by studying the absorption lines that
they produce.
1.1. BALs, NALs, and Mini-BALs
spectra of quasars, the broad absorption lines (here-
after, BALs; FWHM ≥ 2000 km s−1) are easily identi-
fied as intrinsic. The large widths of BALs make them
very unlikely to originate in intervening objects or the
interstellar medium of the quasar host galaxy. BALs are
detected in 10–20% of optically selected quasars (e.g.,
Hewett & Foltz 2003; Reichard et al. 2003a), and the
detection rate is slightly higher in radio-quiet quasars
(e.g., Stocke et al. 1992; Becker et al. 2001; Gregg et al.
2006).8 The observed fraction of quasars hosting BALs
8 Chartas (2000) found that approximately 35% of radio-quiet
gravitational lensed quasars contain BAL features, which suggests
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constrains the solid angle subtended by the dense portion
of the wind to the central engine.
narrow absorption lines observed in the spectra of
quasars (hereafter NALs; FWHM ≤ 500 km s−1) are
also physically associated with the quasars. This was
motivated by the fact that the detection rate of NALs
varies between sight-lines and is related to the physi-
cal properties of the background quasars (Richards et
al. 1999; Richards 2001). Such a trend is not expected,
if all NALs arise in intervening absorbers. This sug-
gestion was confirmed once NALs were completely de-
blended into multiple narrower components with high-
resolution spectroscopy. We can now separate intrinsic
NALs from intervening ones, via two characteristic prop-
erties related to the compactness of the gas parcels in
intrinsic absorbers: (a) dilution of absorption troughs by
un-occulted light from the background source(s) associ-
ated with the quasar (hereafter “partial coverage”; e.g.,
Barlow & Sargent 1997; Hamann, Barlow, & Junkkarinen
1997b; Ganguly et al. 1999), and (b) time variability of
line profiles (e.g., depth, equivalent width, line centroid),
within .1 yr in the quasar rest frame (e.g., Hamann et al.
1997a; Narayanan et al. 2004; Wise et al. 2004). Neither
of these properties is expected in intervening absorbers
because they have much larger sizes and lower densities
compared to intrinsic absorbers. Using the former test,
Misawa et al. (2007a) find that ∼50% of non-BAL QSOs
at z = 2–4 have at least one intrinsic NAL in their rest-
frame, near-UV spectra.
Equally useful, but less common, are mini-BALs,
with intermediate line widths between NALs and BALs
(500 km s−1 ≤ FWHM ≤ 2,000 km s−1). Mini-BALs are
also identified by partial coverage and/or time variabil-
ity. However, they can also be identified just from their
smooth and relatively broad profiles, which is incompati-
ble with the properties of intervening gaseous structures.
Mini-BALs have the advantages of both BALs (i.e., high
probability of being intrinsic) and NALs (i.e., line pro-
files can be resolved into individual components), which
makes them useful as diagnostics (e.g., Churchill et al.
1999; Hamann et al. 1997a; Narayanan et al. 2004).
BALs, mini-BALs, and NALs could be complementary
probes of quasar outflows since they may be observed
along different lines of sight towards the quasar contin-
uum and/or emission line source. This idea is bolstered
by the results of X-ray observations by Misawa et al.
(2008) and Chartas et al. (2009), which show that the
NAL velocities and the column densities of the corre-
sponding X-ray absorbers follow a different relation than
BALs.
1.2. Pilot Variability Study of HS 1603+3820
As a pilot variability study of mini-BALs, we have
been monitoring a C IV mini-BAL in the optically bright
quasar HS 1603+3820 (zem = 2.542; B = 15.9) using
primarily the High-Dispersion Spectrograph (HDS) on
the Subaru telescope (Misawa et al. 2003, 2005, 2007b).
This mini-BAL spans a range of blueshifts of 8,300–
10,600 km s−1 relative to the quasar and shows both
partial coverage and time variability. Our monitoring
campaign spans more than four years (corresponding to
that flux-limited optical surveys may be under-estimating the frac-
tion of BALs.
about one year in the quasar rest-frame). No correla-
tions are seen between the profile model parameters, ex-
cept for a possible correlation between total equivalent
width and the coverage fraction (see Figure 5 of Misawa
et al. 2007b). As argued by Misawa et al. (2007b), simple
changes of ionization state or motion of a homogeneous
gas parcel cannot reproduce the observed variations. The
former requires much faster variations of the UV contin-
uum flux than one would expect from such a luminous
quasar (e.g., Giveon et al. 1999; Hawkins 2001; Kaspi
et al. 2007). The latter requires that all the absorbing
parcels of gas (that correspond to each of the absorp-
tion troughs) are at the same distance from the contin-
uum source and cross our cylinder of sight at the same
time and without discernible changes in their line-of-sight
velocities, which is rather unlikely. Only two plausible
scenarios remain for the origin of the variability: (a)
continuum photons, redirected by a variable scattering
medium into our cylinder of sight, dilute the mini-BAL
absorption and modulate its equivalent width accord-
ing to the (variable) intensity of the scattered light (de-
picted in Figure 1A), and (b) rapid continuum fluctua-
tions, coupled with coverage fraction fluctuations caused
by a porous/clumpy screen of variable optical depth lo-
cated between the continuum source and the mini-BAL
gas (Figure 1B). A detailed discussion of these scenarios
is presented in Misawa et al. (2007b). A third possibility,
not discussed explicitly by Misawa et al. (2007b), is that
the scattering medium surrounds the absorber itself, as
depicted in Figure 1C.
1.3. Spectropolarimetric Test of the Scattering
Hypothesis
The scattering scenario for the variability of the C IV
mini-BAL in HS 1603+3820 can be tested through spec-
tropolarimetric observations. Polarimetry and spec-
tropolarimetry of BAL and non-BAL QSOs shows that
the former are on average more polarized than the lat-
ter, in the continuum. However, the distribution of BAL
polarization levels is broad, with values between 0% and
8% (or even higher in some cases). In contrast, non-
BAL QSOs have polarization levels less than 2.5% (e.g.,
Ogle et al. 1999; Schmidt & Hines 1999, see, for exam-
ple, Figure1 in the latter paper). Of more interest here
is the change of polarization level between the contin-
uum and the BAL troughs. The implications of those
observations form the basis for our observational test.
The BAL troughs are generally significantly more polar-
ized than the continuum. The degree of polarization in
the BAL troughs can reach 12–15% (e.g. Hines & Wills
1995; Cohen et al. 1995; Brotherton et al. 1997; Ogle et
al. 1999; Schmidt & Hines 1999; Scoggins et al. 2004).
There are however examples where the BAL troughs are
actually unpolarized (see Brotherton et al. 1997, for a
particularly interesting case).
Two families of explanations for the observed increase
in the polarization level in BAL troughs have been dis-
cussed in the literature: (a) Large-angle scattering from
a medium that is off the cylinder of sight to the back-
ground source. Thus the scattered photons, which are
also unattenuated, make up a significant fraction of the
residual light in the BAL troughs and increase the de-
gree of polarization (e.g., Goodrich & Miller 1995; Lamy
& Hutseme´kers 2004). (b) Resonant scattering within
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Fig. 1.— Three possible geometries that could lead to apparent
partial coverage and variability as seen in the C IV mini-BAL in
HS 1603+3820. The dashed lines represent the direct lines of sight
towards the continuum source at the center of the accretion disk,
while the dotted lines represent the paths of scattered photons. (A)
The absorbing parcel of gas is larger than the background contin-
uum source but photons are redirected around it via scattering in a
corona surrounding the central continuum source. (B) The absorb-
ing parcel of gas is small enough that it only occults a portion of the
background continuum source. A variable, porous/clumpy shield
(e.g., the warm absorber) that modulates the transmitted flux is
located between the C IV absorber and the continuum source. (C)
Similar model to (A), but the scattering medium is surrounding the
absorber rather than the continuum region. The scattering media
in (A) and (C) are neither homogenous nor spherically symmet-
ric about the continuum source or the absorber. The polarization
degree depends on the scattering angle (denoted by s).
the absorber itself can also produce polarization with
a level as high as 15% in the trough (Lee & Bland-
ford 1997; Wang et al. 2007, e.g.,). The former scenario
appears more promising, because of the observed anti-
correlations the degree of polarization (p) and the detach-
ment index (DI)9, and between the spectropolarimetric
index (SI)10 and DI, which argue for the presence of a
9 The detachment index (DI) is the onset velocity of a BAL
trough in units of the half-width of the corresponding broad emis-
sion line (Weymann et al. 1991).
10 The spectropolarimetric index (SI) is a measure of the
strength of the absorption in the polarized flux, fλ× pλ relative to
scattering medium in the polar direction (Hutseme´kers
et al. 1998; Lamy & Hutseme´kers 2004).
In this paper, we present the results of spectropo-
larimetry of the mini-BAL quasar, HS 1603+3820. Using
our data, we search for variations in the degree of polar-
ization across the mini-BAL trough. The detection of a
strong polarization signal in the mini-BAL trough would
lead us to infer that (a) scattering of photons around
the absorber contributes to the partial coverage, and (b)
the variability of the mini-BAL can be caused by fluc-
tuations in the amount of scattered light, as depicted in
Figure 1A. Furthermore, we would also expect this frac-
tional polarization to increase as the coverage fraction
decreases.
In §2, we describe the observations and data reduction
and in §3 we describe the spectropolarimetric proper-
ties of HS 1603+3820. In §4, we discuss the constraints
placed by our observations on possible scattering mecha-
nisms in HS 1603+3820 and we evaluate the scenarios for
the variability of the mini-BAL in light of the new data.
We adopt zem = 2.542 as the systemic redshift of the
quasar, which was estimated from its narrow emission
lines (Misawa et al. 2003).
2. OBSERVATIONS AND DATA REDUCTION
The spectropolarimetric observation for HS 1603+3820
was carried out with the Faint Object Camera And Spec-
trograph (FOCAS) (Kashikawa et al. 2002) on the Sub-
aru Telescope, on 2008 August 7–8 (UT). The detector
is a mosaic of two 4k × 2k MIT CCDs with 15µm pixels.
All the observations were carried out through a polari-
metric unit that consists of a rotating superachromatic
half-wave plate and a quartz Wollaston prism. Since the
circular polarization is negligible for QSOs, we measured
only linear polarization. We used a 0.′′8 slit, the 600
mm−1 VPH grism (600 520nm), and the L600 order-
sorting filter. This setting results in a resolving power of
R ∼ 1500. A segment of the spectropolarimetric obser-
vation consists of exposures at four wave-plate position
angles: 0.◦0, 45.◦0, 22.◦5, and 67.◦5. The integration time of
each exposure was 900 seconds, and the total integration
time was 8 hours. The position angle of the entrance slit
was set to be 180◦. We also obtained spectra of an unpo-
larized flux standard star (BD+28◦ 4211; Oke 1990) and
a strongly polarized star (HD 204827). Spectra of a halo-
gen lamp and a thorium-argon lamp were also obtained
for flat fielding and wavelength calibration, respectively.
The observation log is presented in Table 1.
The data were reduced in a standard manner, using
IRAF11. We extracted the spectra of HS 1603+3820 and
the standard stars from a 4.′′0 aperture along the slit (i.e.,
13 binned pixels). The instrumental polarization was
corrected using the spectrum of the unpolarized stan-
dard star. The instrumental depolarization was not cor-
rected because it has been found experimentally that it is
less than a few percent of the total polarization degree.
Flux calibration was performed using the spectrum of
the unpolarized standard star. The polarization angle
the absorption in the direct flux fλ (Lamy & Hutseme´kers 2004).
11 IRAF (Image Reduction and Analysis Facility) is distributed
by the National Optical Astronomy Observatory, which is operated
by the Association of Universities for Research in Astronomy Inc.,
under corporative agreement with the National Science Founda-
tion.
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TABLE 1
Log of Observations
Target RAa Deca mV Date Exposure S/N
b pc θ d Note
(h:m:s) (d:m:s) (mag.) (sec) (pix−1) (%) (deg.)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
HS1603+3820 16 04 55.4 +38 12 02 15.9 2008 Aug 7,8 28800 175 0.64±0.15 166 quasar
BD+28 4211 21 51 11.1 +28 51 52 10.5 2008 Aug 7,8 1080 unpolarized star
HD 204827 21 28 57.8 +58 44 23 8.0 2008 Aug 8 24 strongly polarized star
aJ2000.0 coordinates.
bTypical S/N at the continuum level.
cAverage percentage polarization and r.m.s. dispersion over the observed wavelength range.
dPolarization angle in degree.
was calibrated using the data of the strongly polarized
star.
The Galactic interstellar medium is also responsible
for partial linear polarization, and both the degree and
the position angle of polarization show systematic varia-
tions with wavelength (e.g., Messinger et al. 1997), which
is most naturally explained in terms of the presence of
two or more different dust components (Serkowski et al.
1975; Coyne 1974). We estimate the Galactic interstel-
lar polarization toward the direction of HS 1603+3820
to be pISM ≤ 0.19%, following the procedure below.
The total Galactic H I column density was measured as
1.20× 1020 cm−2 by the Leiden/Argentine/Bonn (LAB)
Survey (Kalberla et al. 2005). The Galactic neutral and
molecular hydrogen column density can be convention-
ally converted to a color excess by 〈N(H I +H2)/E(B −
V )〉 = 5.8×1021 cm−2 mag−1 (Bohlin et al. 1978), which
gives E(B − V ) = 0.021 mag. Finally, we estimate the
maximum polarization degree (pmax) using the empiri-
cal relation pmax = 9.0 E(B − V ) = 0.19% (Serkowski
et al. 1975). The Galactic interstellar polarization esti-
mated above is considerably smaller than the observed
polarization (p ∼ 0.64%) and does not show any clear
spectral dependence in either the degree of polarization
or position angle as we describe in the following section.
The small Galactic interstellar polarization toward the
quasar is also confirmed using the polarization catalog
of Galactic stars (Heiles 2000). Therefore, we did not
correct for the Galactic interstellar polarization.
3. RESULTS
Our primary results are illustrated in Figures 2 and
3. In Figure 2 we plot as a function of wavelength the
total flux density per unit wavelength (fλ, hereafter f),
linear polarization degree (p), polarization position angle
(θ), and polarized flux (f × p). We have omitted error
bars because the S/N is high enough even without bin-
ning. An expanded view of these spectra around the C IV
mini-BAL feature (in the wavelength interval shaded in
Figure 2) is also shown in Figure 3 with 1σ error bars
included. In Figure 4 we show the normalized total flux
spectrum in the immediate vicinity of the C IV mini-
BAL profile, compared to previously published, higher-
resolution spectra.
We obtain an average degree of linear polarization of
〈p〉 ≈ 0.64% with a dispersion σp ≈ 0.15% in the con-
tinuum, which is very similar to the average value in
normal, non-BAL quasars. The polarization position an-
gle is θ ≈ 165◦ over the entire range of the observed
spectrum. The polarization level does not rise in the
C IV mini-BAL trough, while it usually does in BAL
profiles. We do not see any rotation of the polarization
angle across the C IV mini-BAL feature, although such a
rotation is observed in some BAL QSOs (e.g., Lamy &
Hutseme´kers 2004). With the combination of high po-
larization sensitivity (δp ∼ 0.1%) and high resolution of
our spectra we would have detected any change in polar-
ization degree or position angle rotation across the C IV
mini-BAL trough of HS 1603+3820, even if this is where
considerably smaller than what is typically observed in
BAL quasars.
We also measure the following quantities from the spec-
trum: a detachment index of DI ≈ 2.01, a rest equiva-
lent width of the red part of the C IV broad emission
line of C IVHREW ≈ 5.5 A˚, a logarithmic slope of the
optical spectrum of αo ≈ 0.78, a maximum offset veloc-
ity of the mini-BAL trough of ∆vmax ≈ 11, 220 km s
−1
(at the left edge of the bluest absorption component at
voff ≈ 10, 600 km s
−1), a spectropolarimetric index of
SI ≈ 1.18, and a maximum polarization in the C IV mini-
BAL trough of pmax ≈ 0.82%. A decrease in polariza-
tion is evident across all the emission lines in Figure 2B,
with the result that the polarized light spectrum plot-
ted in Figure 2D shows no emission lines. The drop in
polarization is most pronounced in the Si IV and C IV
emission lines at approximately 4900 and 5400 A˚. We
measure a ratio of the polarization degree in the C IV
emission line to that of the continuum adjacent to it of
pC IV/pcont ≈ 0.8. A similar behavior has been observed
in some BAL QSOs (e.g., Ogle et al. 1999; Lamy & Hut-
seme´kers 2004).
4. DISCUSSION
We begin this section by discussing the implications
of our observations on possible scattering mechanisms.
We then go on to evaluate the scattering and shielding
scenarios for partial coverage, in light of the polarization
signature that we observed.
4.1. Implications of the Observations for Scattering
Mechanisms
An important result of our observations is that the de-
gree of polarization does not change across the trough of
the C IV mini-BAL in HS 1603+3820. This result has di-
rect implications for some of the scattering mechanisms
that may operate in this object, as we discuss below. We
specifically consider: (i) Large-angle electron scattering
in a medium off the cylinder of sight and close to the
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Fig. 2.— Summary of the results of the spectropolarimetric ob-
servations of HS 1603+3820. (A) the total flux density spectrum
(fλ or f), (B) the percentage polarization spectrum (p), (C) the
polarization angle (θ, in degrees), and (D) the polarized flux (the
product of the fractional polarization and total light spectrum,
f × p). The fluxes are in units of 10−15 ergs cm−2 s−1 A˚−1. The
wavelength scale is in the frame of the observer. The shaded band
shows the spectral region immediately around the C IVmini-BAL.
Fig. 3.— An expanded view of the spectra of Figure 2 in the
vicinity of the C IV mini-BAL. The bin size is ∼ 0.8 A˚ in (A) and
∼ 5 A˚ in all other panels. In panels (B)–(D) we also plot “1-σ”
error bars.
background source, (ii) electron scattering around the
mini-BAL absorber, and (iii) resonance scattering inside
the absorber. We do not discuss scenarios involving dust
scattering although we do note that they suffer from the
following drawback: the grains must be close to the con-
tinuum source so as not to scatter a significant fraction of
BELR photons, but then they will not be able to survive
the intense radiation field at this distance.
(i) Large-angle electron scattering around the back-
ground source. – This is a promising mechanism,
if the degree of polarization in the trough is large
(p ∼ 10%), as often seen in spectra of BAL QSOs.
A non-uniform, anisotropic “corona” around the
continuum source is a candidate scattering medium
(Figure 1A). In the case we are considering here,
this mechanism could operate only to a small de-
gree, i.e., the fraction of light that is scattered must
be small so that it does not lead to a measurable
increase in the polarization within the mini-BAL
trough.
(ii) Electron scattering around the absorber. – This
mechanism is similar to the previous one, but the
scattering medium surrounds the absorber, not the
continuum source (Figure 1C). This corona could
be the highly ionized atmosphere of the absorb-
ing gas parcel. The degree of polarization depends
on the absorber’s size and distance from the con-
tinuum source, as well as its geometry. Thus, a
filamentary absorber with an extended scattering
corona, located very close to the source is disfa-
vored because in such a case the scattering an-
gle (denoted by s in Figure 1C) is large and the
scattered photons will have a large polarization, in
contradiction with our observations. On the other
hand, if the absorber is very far from the back-
ground source (such that the extent of the scater-
ing medium is much smaller than the distance from
the background source), the scattering angle is in-
evitably small and so is the resulting polarization.
Such a scenario remains viable in view of our re-
sults. In fact, the plausibility of this scenario is re-
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Fig. 4.— Normalized spectra of the quasar HS 1603+3820 around
the C IV mini-BAL for three epochs. The two higher-resolution
spectra were taken with Subaru/HDS (Misawa et al. 2007b) and
illustrate the full range of observed variability (the upper trace, in
red, shows the spectrum from 2002 March, while the lower trace,
in blue, shows the the spectrum from 2003 July). The coarsely
binned, thick black line shows the lower-resolution Subaru/FOCAS
spectrum discussed in this paper. (obtained in 2008 August). The
narrower Si II lines are unrelated to the quasar, and arising at a
foreground galaxy.
inforced by the finding that the absorbers in some
quasars are located at distances of several kilopar-
sec or more from the continuum source (Hamann
et al. 2001; Korista et al. 2008; Dunn et al. 2010).
(iii) Resonance scattering inside the absorber – Res-
onance scattering of line photons within the ab-
sorber can produce some level of polarization. Lee
et al. (1994) introduced this scenario, while Lee
& Blandford (1997) predicted a significant rise in
the degree of polarization inside the absorption
troughs. The predicted polarization levels in the
absorption troughs are p ∼ 5–15% depending on
the geometry, which is in contradiction with our
observations Thus, we consider resonance scatter-
ing unlikely.
4.2. The Cause of Mini-BAL Variability
4.2.1. Scattering Scenario
Considering the results of our spectropolarimetric ob-
servation, we can reject with some confidence the large-
angle scattering scenario (Figure 1A) as the cause of
partial coverage, hence the origin of variability of the
C IV mini-BAL in HS 1603+3820. The primary argu-
ment against this scenario is that the polarization level
remains low in the mini-BAL trough and similar to the
level out of the trough. The absorption depth of the C IV
mini-BAL in the observation presented here is clearly
smaller than the absorption depth in the 2003 July ob-
servation (see Figure 4). In the context of the scattering
hypothesis, this suggests that there should be a consider-
able amount of scattered light in the absorption trough,
yet we did not detect any change in polarization across
the absorption trough. Similar arguments apply to the
resonance scattering scenario. The only scattering sce-
nario that remains viable is one in which the scattering
medium surrounds the distant, intrinsic absorber (as de-
picted in Figure 1C). In this scenario the scattering an-
gle is small and so is the resulting degree of polarization.
The observed coverage fraction sets an additional con-
straint on this scenario: the combination of scattering
optical depth and solid angle in the scattering medium
around the absorber must be such so it can redirect the
appropriate number of photons towards the observer.
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